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$\overline{iE}\Phi$ A $o$ Approximation Property $g\circ$ Excellent Hensel
Y Artin, Popescu, Rotthaus
$B$ Excellent Hensel Approximation Property
C. Rotthaus
$C_{o}$ $A$ Approximation Property $A$
Excellent Hensel
Rotthaus $A$ $\hat{A}$ $\hat{p}$
$\hat{A}_{\hat{p}}$ Artin-Rotthaus (cf. Popescu)
$D$ ( )
$B$ $D$
$D_{\circ}$ $Varrow W$ Y Excellent Cohen ( ) $V/pVarrow W/pW$
$\ =V[X_{1},$ $\ldots,X_{m}|$ $R=W[[X_{1},$ $\ldots,X_{m}||$ $R$ $(=$
smooth) $R_{0}$- ($=direct$ limit) $R_{0}$-







1.1 $A$ Approximation Property ( $(AP)$ ) $A$
$A[Y]=A[Y_{1}, \ldots,Y_{n}]\langle n$ ) F $f1(Y),$ $\ldots,$ $f_{N}(Y)\in A[Y]$
$A$ $\hat{A}$ $(\hat{y})=(\hat{y}_{1}, \ldots,\hat{y}_{n})\in\hat{A}^{n}$ $f_{1}(\hat{y})=...$ $=f_{N}(\hat{y})=0$
$A$ $(y)=(y_{1}, \ldots,y_{n})\in A^{n}$ $f_{1}(y)=\ldots=f_{N}(y)=0$
1.2 $A$ Excellent $A$ (=universally catenary)
$Aarrow\hat{A}$
1.3 $Aarrow\hat{A}$
$A$- $B$ $\hat{P}\in Spec\hat{B}$ $\hat{P}\cap B=(0)$ $\hat{B}_{\hat{P}}$
1.4 $A$ $(AP)$ $A$ Hensel $A$ (=reduced)
$(=domain )$ $(=normal)$ $\hat{A}$
o
1.5 $A$ (AP) $A$- $B$ $(AP)$
1.5 1.4 (cf 1.3)
16 $A$ $(AP)$ $Aarrow\hat{A}$
1.7 $A$ $(AP)$ $A$
18 $A$ $(AP)$ $Aarrow\hat{A}$
2. X
n $(R_{0}, m_{0})$ $(R, m)$ $R_{0}\subseteq R$ Y $m_{0}R=m$
$(R/q)_{p}$ -R $p$ . $q(\in SpecR)$
2.0 a $R$ $h$ Y $m_{0}$ $\ell_{1},$ $\ldots\ell_{n-h}$ $(a, \varphi(\ell_{1})$ ,
... , $\varphi(l_{n-h}))$ m-
2
$\delta:R\backslash \{0\}arrow N(a\mapsto\delta(a))$ $a\in m^{\delta(a)}\backslash m^{\delta\langle a)+1}$ $R\backslash \{0\}arrow gr_{m}R$
$(a\vdash a^{*})$ $a^{*}=a+m^{\delta(a)+1}\in m^{\delta\langle a)}/m^{\delta\langle a)+1}$ $\delta(a)$ $a$ $(=degree)$
$a^{*}$ $a$ leading form $R$ $a$ $a^{*}$
leading forms $gr_{m}R$




$t= \max\{\delta(q_{\lambda})|\lambda\in\Lambda\}$ $q^{*}$ $k$ $q_{k}^{*}(k\leq t)$
$q_{k}^{*}=<q_{\lambda}^{*}(\delta(q_{\lambda})=k),$ $q_{\lambda}^{*}\cdot m(\ell, \gamma)(\delta(q_{\lambda})+\ell=k)>$
R/m-
$\Pi_{k}=\{q_{\mu}|\delta(q_{\mu})=k\}\cup\{q_{\nu}\cdot m(p_{\nu}\gamma_{\nu})|\delta(q_{\nu})+P_{\nu}=k\}$
‘ $\Pi_{k}^{*}=\{q_{\mu}^{*}\}\cup\{q_{\nu}^{*}\cdot m(\ell_{\nu},\gamma_{\nu})\}$ $q_{k}^{*}$ $\Theta_{k}(\subseteq\Gamma_{k})$
$\Pi_{k}^{*}\cup\Theta_{k}$ $m^{k}/m^{k+1}$





Equations 1. $\underline{q}_{\lambda}$ $=\Sigma_{\gamma=1}^{\gamma_{k}}\underline{a}_{\lambda\gamma}m(k,\gamma)$ , $k=\delta(q_{\lambda})(\lambda\in\Lambda)$
Equations 2. $m(k, \kappa)$ $=$ $\Sigma_{q_{\mu}\in \mathbb{I}_{k}}\underline{b}_{(k,\kappa)\mu}\underline{q}_{\mu}+\Sigma_{q_{\nu}m\langle\ell_{\nu},\gamma_{\nu})\in\Pi_{k}}\underline{c}_{(k,\kappa)\nu}\underline{q}_{\nu}m(\ell_{\nu}, \gamma_{\nu})$
$+\Sigma_{m\langle k,\gamma)\in\Theta_{k}}\underline{d}_{(k,\kappa)\gamma}m(k, \gamma)$
$+\Sigma_{m\{k+1,\epsilon)\in\Gamma_{k+1}}\underline{e}_{(k,\kappa)\epsilon}m(k+1,\epsilon)$
$\in$ $\Gamma_{k}\backslash \Theta_{k}$ $(k\leq t)$
$B_{1}=R_{0}[Q_{\lambda}, A_{\lambda\gamma}, B_{(k,\kappa)\mu}, C_{(k,\kappa)\nu}, D_{\langle k,\kappa)\gamma}, E_{\langle k,\kappa)\epsilon}]/J_{1}$
$J_{1}=(Q_{\lambda}-\Sigma_{\gamma=1}^{\gamma_{k}}A_{\lambda\gamma}m(k,\gamma)$ ,





2.11 R0- $\varphi_{1}$ : $B_{1}arrow R$ $\varphi_{1}(Q_{\lambda})\in q(\lambda\in\Lambda)$ $(\varphi_{1}(Q_{\lambda}))=q_{\text{ }}$
$\tilde{q}=(\varphi_{1}(Q_{\lambda}))$ $\tilde{q}\subseteq q_{0}$ 1 $2$
q\tilde *=q* $\tilde{q}=q_{0}$
2.2 $p$ $(htp=h)$




22.1 $s\in R\backslash p$ Y $sp\subset(v_{1}, \ldots,v_{h})$
222 ht $(v_{1}, \ldots,v_{h})=h_{o}$
$\ell_{1}^{(1)},$ $\ldots p_{n-h}^{(1)}\in m_{0}$ $k_{1}(\in N)$
22.3 $m^{k_{1}}\subset(v_{1}, \ldots,v_{h},\ell_{1}^{(1)}, \ldots p_{n-h}^{\langle 1)})R$
$\underline{v}_{i}$ $=\sim:q$ $(i=1, \ldots,h;\sigma_{2}\in\Sigma)$
$\underline{s}\underline{q}_{\sigma}=\Sigma_{=1}^{h}\underline{f}_{\sigma}:\underline{v}_{i}$ $(\sigma\in\Sigma)$
Equations 5. $m(k_{1},\gamma)$ $=\Sigma_{*=1}^{h}\underline{g}_{\gamma}:\underline{v}_{1}+\Sigma_{j=1}^{n-h}\underline{h}_{\gamma j}p_{j}^{(1)}$ $(\gamma=1, \ldots,\gamma_{k_{1}})$
$B_{2}=B_{1}[Q_{\sigma}, V_{1}, S, F_{\sigma i}, G_{\gamma i}, H_{\gamma j}]/J_{2}$
$J_{2}=(V_{1}-Q_{\sigma_{*}}., SQ_{\sigma}- \sum_{=1}^{h}F_{\sigma i}V_{1}, m(k_{1},\gamma)-\{\sum_{i=1}^{h}G_{\gamma i}V_{1}+\sum_{j=1}^{n-h}H_{\gamma j}\ell_{j}^{(1)}\})_{0}$
22.4 - $\varphi_{2}$ : $B_{2}arrow R$ $\varphi_{2}(S)\not\in(\varphi_{2}(V_{*}\cdot))$ $(\varphi_{2}(Q_{\sigma}))$
$p_{\varphi_{2}}$
$h$
5 $m^{k_{1}}\subset(\varphi_{2}(V_{1}), \ldots, \varphi_{2}(V_{h}), \ell_{1}^{(1)}, \ldots,\ell_{n-h}^{(1)})$
$(\varphi_{2}(V_{1}), \ldots, \varphi_{2}(V_{h}))=q_{1}.\cap\ldots\cap q_{r}$ $h$ (=unmixed)
$\varphi_{2}(S)\not\in q_{j}$ $j(1\leq j\leq r)$ $a=(\varphi_{2}(Q_{\sigma}))$
4 $\varphi_{2}(S)a\subseteq q$j $\nu$ $a^{\nu}\subseteq q_{j}$
\mbox{\boldmath $\tau$} $p_{\varphi_{2}}=\sqrt{q_{j}}$ $h$
23 $(R/q)_{p}$
$|$ A|=m $\{q_{\lambda}\}_{\lambda\in\Lambda}=\{q_{1}, \ldots, q_{m}\}$ $m$ $\Omega_{m}$
4
$(R/q)_{p}$ $\omega\in\Omega_{m}$
$k(\omega)(<htq)$ $t(\omega)\in R\backslash p$
23.1 $t(\omega)q_{\omega(k(\omega)+1)}\in p^{2}+(q_{*(1)}, \ldots,q_{\omega\langle k\langle v))})$
$t=\Pi_{\omega\in\Omega_{m}}t(\omega)\not\in p$
$\ell_{1}^{(2)},$ $\ldots p_{n-h-1}^{(2)}\in m_{0}$ $k_{2}(\in N)$




$B_{3}=B_{2}[T,K_{td\sigma\tau},M_{vi}, N_{\gamma\sigma},R_{\gamma}, U_{\gamma j}]/J_{3}$
$J_{3}=(TQ_{\omega(k(\omega)+1)}-\{\Sigma_{\sigma,\tau\in\Sigma}K_{\omega\sigma\tau}Q_{\sigma}Q_{\tau}+\Sigma_{i=^{t}1}^{k\langle v)}M_{\omega i}Q_{\omega(:)}\}$,
$m(k_{2},\gamma)-$ { $\Sigma_{\sigma\in\Sigma}N_{\gamma\sigma}Q_{\Sigma}+$ $T+\Sigma_{j=1}^{n-h-1}U_{\gamma j}\ell_{J}^{(,2)}$ })
2.3.3 Rh- $\varphi_{3}$ : $B_{3}arrow R$ $\varphi_{3}(Q_{\lambda})\in q(\lambda\in\Lambda)$ $\varphi_{3}(S)\not\in(\varphi_{3}(V_{1}))$
$(\varphi_{3}(Q_{\sigma}))$




Case 1. htp Sing$(R/q)$
Case 2. $p_{1}$ , .. ., $p_{s}$ $ht_{P:}<htp(=h)$ Sing$(R/q)$
$c \in\bigcap_{i=1}^{s}p_{i}\backslash p$ ht $(p,c)=h+l$ $\emptyset_{1^{3)}},$ $\ldots p_{n-h-1}^{(3)}\in$ mo
$k_{3}(\in N)$
5
2.4.3 $m^{k_{3}}\subset(p, c,\ell_{1}^{(3)}, \ldots,\ell_{n-h-1}^{(3)})R_{\text{ }}$
$m(k_{3},\gamma)$ $=\Sigma_{\sigma\in Z}\underline{v}_{\gamma\sigma}\underline{q}_{\sigma}+\underline{w}_{\gamma}\underline{c}+\Sigma_{j=1}^{n-h-1_{\underline{Z}_{\gamma j}}}p_{j}^{(3)}$
$B_{4}=B_{3}[C, V_{\gamma\sigma}, W_{\gamma}, Z_{\gamma j}]/J_{4}$
$J_{4}=(m(k_{3}, \gamma)-\{\sum_{\sigma\in\Sigma}V_{\gamma\sigma}Q_{\sigma}+W_{\gamma}C+\sum_{j=1}^{n-h-1}Z_{\gamma j}l_{j}^{(3)}\})_{\text{ }}$
2.4.4 R0- $\varphi_{4}$ : $B_{4}arrow R$ $\varphi_{4}(Q_{\lambda})\in q(\lambda\in\Lambda)$ $\varphi_{4}(S)\not\in(\varphi_{4}(V_{*}\cdot))$
$\varphi_{4}(C)\equiv c(q)$ $(\varphi_{4}(Q_{\sigma}))$
$p_{\varphi_{4}}$ $q\subset p_{\varphi_{4^{\text{ }}}}htp_{\varphi_{4}}=h$
$(R/q)_{p_{\varphi_{4}}}$ $p_{\varphi_{4}}2p_{i}(i : 1, \ldots, s)$
3. A
3.1 $(A, m)$ $(AP)$ $\hat{p}$ \in Sing\^A $\hat{p}\cap A\neq(0)$
mm $=(x_{1}, \ldots,x_{m})$ $\hat{A}=$
$W[[X_{1}, \ldots,X_{m}]]/q$ ( $W$ Cohen ) V ( $A$
) $Z_{(p)}$ ( $A$ )




3.1.1 $\hat{p}$ \in Sing\^A $\hat{p}$ $A=(0)$ $\hat{A}$
Case 1. $ht\hat{p}$ Sing\^A $B=B_{3}$
6
Case 2. $\hat{p}_{1},$ $\ldots,\hat{p}_{s}$ $ht\hat{p}_{i}<ht\hat{p}$ Sing\^A
$\hat{p}_{1}$ A\neq (0) $d \in\bigcap_{1}^{s_{=1}}\hat{p}_{:}\cap A\backslash \{0\}$ $d$ $R$











$\nu$ $A$ $s_{\nu},$ $q_{\sigma\nu}\in A(\sigma\in\Sigma\backslash \Lambda)$ $\hat{\rho}(S)-s_{\nu}\in\hat{m}^{\nu}$
$\hat{\rho}(Q_{\sigma})-q_{\sigma\nu}\in\hat{m}^{\nu}$ $A$ $(AP)$ A-
$\rho_{\nu}$ : $Earrow A$ \mbox{\boldmath $\rho$}\mbox{\boldmath $\nu$}(S)--s\mbox{\boldmath $\nu$} $\in m^{\nu}$ $\rho_{\nu}(Q_{\sigma})-q_{\sigma\nu}\in m^{\nu}$ $\rho_{\nu}(Q_{\lambda})=0(\lambda\in\Lambda)$
$\rho_{\nu}(C)=d$ $D$ - $R$
$\psi_{\nu}$ : $Darrow Earrow^{\rho_{\nu}}Aarrow\hat{A}=R/q$ &-






$\Psi_{\nu}(Q_{\lambda})=q(\lambda\in\Lambda)$ $\Psi_{\nu}(C)\equiv c(q)$ $\nu$
312 $\Psi_{\nu}(S)\not\in(\Psi_{\nu}(V_{1}), \ldots, \Psi_{\nu}(V_{h}))_{0}$
3.12 $\Psi_{\nu}(S)\in(\Psi_{\nu}(V_{1}), \ldots, \Psi_{\nu}(V_{h}))$ $\psi_{\nu}(S)\in(\psi_{\nu}(V_{1}), \ldots, \psi_{\nu}(V_{h}))$
$\subseteq(\psi_{\nu}(Q_{\sigma}))$ $\psi_{\nu}(S)\in\hat{p}+\hat{m}$v $\hat{\rho}(S)\in\hat{p}+\hat{m}^{\nu}$
2.4.4 $R$ $p_{\Psi_{\nu}}$ $q\subset p_{\Psi_{\nu^{\text{ }}}}htp_{\Psi_{\nu}}=h$ $(R/q)_{Pw_{\nu}}$







$ht\hat{p}_{\Psi_{\nu}}=ht\hat{p}$ $\hat{p}_{\Psi_{\nu}}.2^{\hat{p}_{i}}(i=1, \ldots, s)_{\text{ }}$
$\nu$ $\hat{p}_{\Psi_{\nu}}$ Sing\^A $\hat{p}_{\Psi_{\nu}}=\hat{p}_{\Psi_{\nu+k}}$
$k$
$\nu_{0}$ $\hat{p}\subseteq\hat{p}_{\Psi_{\nu_{0}}}+\hat{m}^{\nu_{0}+k}$
8
